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Disparities in health status between different
socioeconomic and racial and ethnic groups
have been a persistent problem in the United
States (Council of Economic Advisors for the
President’s Initiative on Race 1998; Kramer et
al. 2000; National Center for Health Statistics
2001; Pamuk et al. 1998). Despite increasing
research, the disparities are not fully explained,
and the policies to reduce them have been elu-
sive. Infant mortality rates, for example, are
considerably higher for infants of mothers with
lower educational attainment [educational
attainment is a commonly used, although
imprecise, measure of socioeconomic status
(SES)] (Kramer et al. 2000). Infant mortality
rates are also higher for infants born to
African-American mothers (Kramer et al.
2000; Pamuk et al. 1998). These perinatal dis-
parities in health status continue through
childhood (National Center for Health
Statistics 2001). For example, poor children
are more likely than nonpoor children to be in
fair or poor health and to suffer activity limita-
tions from chronic conditions (Federal
Interagency Forum on Child and Family
Statistics 2002); childhood asthma is more
common among poor compared with nonpoor
children [U.S. Environmental Protection
Agency (U.S. EPA) 2003].
Environmental pollutants can add another
burden to groups already at higher risk of dis-
ease and may have disparate impacts on people
in higher risk groups (Institute of Medicine
1999). A report from the Institute of Medicine
concluded that identifiable communities
“experience higher levels of exposure to envi-
ronmental stressors in terms of both frequency
and magnitude” and that “factors directly
related to their socioeconomic status . . . can
make people in these communities more sus-
ceptible to the adverse health effects of these
environmental hazards” (Institute of Medicine
1999). Although the Institute of Medicine
acknowledged limitations in the data available
about the distribution of environmental expo-
sures and risks, it described this combination
of higher exposures and greater susceptibility as
a form of “double jeopardy” (Institute of
Medicine 1999).
Studies suggest that certain populations of
color, particularly African Americans, are more
likely to live in areas with a higher density of
particular sources of pollution, such as major
industrial sources (Perlin et al. 1999, 2001)
and waste-generating facilities (Anderton and
Anderson 1994; Perlin et al. 2001). These
studies assess whether people of different
race/ethnic groups have different exposures,
deﬁned as living near particular sources. This
approach leaves out other sources of air pollu-
tion, such as that from motor vehicles, that
could be important. Using air quality monitor-
ing data is a useful way to evaluate the poten-
tial disparities in exposure, because it can
provide measurements that represent exposures
from all sources, although it does not identify
the sources that contribute to the air pollution.
To date, there has been little research,
using more direct measurements of exposure,
such as monitoring data, on how environmen-
tal stressors may differentially affect people in
different socioeconomic and racial/ethnic
groups and exacerbate health problems of
those with poorer health status.
Air pollution has been shown to adversely
affect health, particularly the health of children.
An extensive literature reports adverse health
effects resulting from exposure to ambient con-
centrations of ozone, particulate matter, and, in
some studies, sulfur dioxide, nitrogen dioxide,
and carbon monoxide (Bates 1995; Dockery et
al. 1993; Koenig 1999; Samet et al. 2000a,
2000b; Schwartz et al. 1994). These evalua-
tions of health and air quality usually have
focused on individual pollutants. Among chil-
dren, exposures to ozone and particulate matter
are associated with decreases in lung function
and increased incidence of cough and wheezing
(Dockery et al. 1989, 1996; Raizenne et al.
1996; Schwartz et al. 1994), as well as exacerba-
tion of existing respiratory conditions, includ-
ing asthma, which can lead to emergency room
visits and hospitalization (Lipsett et al. 1997;
McConnell et al. 1999; Norris et al. 1999;
Schwartz et al. 1993; Studnicka et al. 1997;
Tolbert et al. 2000).
Numerous studies in the United States and
in other countries have found links between
individual components of air pollution and
adverse birth outcomes, such as low birth
weight, premature birth, and infant mortality
(Bobak 2000; Bobak and Leon 1999; Bobak et
al. 2001; Dejmek et al. 1999; Ha et al. 2001;
Loomis et al. 1999; Maisonet et al. 2001; Ritz
and Yu 1999; Ritz et al. 2000; Rogers et al.
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1997). Several of these studies have evaluated
the relationship between different components
of air pollution and low birth weight (Bobak
2000; Bobak and Leon 1999; Bobak et al.
2001; Dejmek et al. 1999; Ha et al. 2001;
Maisonet et al. 2001; Ritz and Yu 1999;
Rogers et al. 2000; Wang et al. 1997), with
mixed results among the studies.
Studies of the impact of air pollution on
birth outcomes and on public health have
focused on individual pollutants, although the
population is exposed to multiple pollutants.
We were interested in whether any group of
mothers are more likely than others to suffer a
higher burden of air pollution and in the
potential impacts of chronic exposure to a
mixture of air pollutants on birth outcomes.
In this study, we assessed whether mothers
with lower SES, as measured by lower educa-
tional attainment, and mothers in various
race/ethnic groups were more likely to live in
areas with higher aggregate levels of air pollu-
tion. We also looked at whether increased
exposure to aggregate air pollution contributes
to poorer birth outcomes and, if so, whether
the exposure explained, in part, known dispari-
ties in birth outcomes. The birth outcomes
considered were preterm delivery and small size
for gestational age (SGA). This objective fol-
lows from the known relationships between
SES and health and between air quality and
health, and addresses the Institute of Medicine
findings (1999) suggesting a relationship
between social class, race/ethnicity, and envi-
ronmental pollution.
Methods
Air pollution exposure estimates. We obtained
data on measured concentrations of ﬁve “crite-
ria” pollutants (as deﬁned by the U.S. EPA)—
particulate matter with diameters of 10 µm or
less (PM10), ozone, carbon monoxide, nitro-
gen dioxide, and sulfur dioxide—from the
U.S. EPA’s Aerometric Information Reporting
System, a database of ambient air quality mea-
surements made by federal, state, and local air
pollution control agencies (U.S. EPA 2000).
We used data from all air quality monitors,
except those specifically designed to collect
background concentrations (concentrations
that are expected absent anthropogenic
sources) or source-speciﬁc concentrations, to
calculate an annual average value for each
county for each pollutant. Monitoring data
were available for three or more pollutants in
263 counties in 1998–1999.
Air pollution index. We created an air pol-
lution index representing long-term exposure
to the ﬁve criteria pollutants for 1998–1999. A
brief description of the index, which we have
modiﬁed slightly here, is given in this article.
The index is more fully described elsewhere
(Kyle et al. 2002). The county-based index of
long-term exposure to air pollution is created
by dividing the annual average of the measured
values for each pollutant by the National
Ambient Air Quality Standard for that pollu-
tant (Kyle et al. 2002). The ratios for each pol-
lutant (the annual concentration divided by
the value for the appropriate standard) were
scaled to a ﬁve-point scale and then averaged
together to generate an index value represent-
ing the net burden of these ﬁve pollutants over
1 year, with each weighted equally. For exam-
ple, an index value of 5 could represent an area
that exactly reached the National Ambient Air
Quality Standards for all five pollutants
throughout the year for which the index was
calculated. National Ambient Air Quality
Standards for each criteria pollutant are set at a
level to protect public health. We used the fol-
lowing measures for each of the pollutants:
a) ozone, annual mean of the maximum 1-hr
value per day; b) particulate matter, sulfur
dioxide, and nitrogen dioxide, annual mean of
the average daily (24-hr) values; c) carbon
monoxide, annual mean of the highest 8-hr
period for each day.
U.S. counties differed with respect to
which pollutants were monitored in 1998 and
1999. For those counties in which a particular
pollutant was not monitored, we generated a
default value for use in calculating the index.
To create default values, we divided up the
country into seven regions, to obtain large geo-
graphic areas that were sufﬁciently distinct in
their air pollution sources. These were based
on the regions deﬁned by Samet et al. (2000b)
in their analyses of morbidity and mortality
from air pollution across the United States.
The regions are the Northwest, the Southwest,
southern California, the upper Midwest, the
industrial Midwest, the Northeast, and the
Southeast. For each region, we defined the
default value for each pollutant as the average
of the measured values for that pollutant in the
region. For example, for particulate matter, the
default value in the Southwest was the average
of the monitored values in the Southwest.
For this analysis, we use the air index val-
ues for counties that have monitoring data for
three or more pollutants.
Natality data. We used the U.S. Natality
files for 1998–1999 (National Center for
Health Statistics 2003) to obtain information
about maternal characteristics (educational
attainment, age, parity, marital status, and
racial/ethnic group) and infant birth out-
comes. The natality data were limited to
mothers of singleton births who lived in the
48 contiguous states. The few birth records
missing birth weight, gestational age, mother’s
educational status, or parity were excluded
(< 2%). For this analysis, race and Hispanic
origin were combined and mothers were
placed into one of the following mutually
exclusive groups: Asian/Pacific Islander,
American Indian/Alaska Native, African
American, Hispanic, and white. Women of
Hispanic origin were assigned the Hispanic
category, regardless of race. Women were also
divided into four different educational groups:
less than 12 years of education, 12 years of
education, 13–15 years of education, and 16
years or more of education. Educational
attainment was used as a proxy, albeit imper-
fect, for SES (Federal Interagency Forum on
Child and Family Statistics 2002; Kramer
et al. 2000).
Two infant birth outcomes were consid-
ered: preterm delivery (deﬁned as delivery after
fewer than 37 complete weeks of gestation) and
birth of an SGA child, deﬁned as birth weight
less than the 10th percentile at each week of
gestational age. Although low birth weight
(birth weight < 2,500 g) has been used as a
marker of poor birth outcomes in prior studies
of air quality, associations between low birth
weight and air pollution are more difﬁcult to
interpret because birth weight is inﬂuenced by
both length of gestation and rate of growth.
Linkage. Records for women with eligible
births from the Natality ﬁle were linked to val-
ues for the air pollution index at the county
level by county. In this study, we focus our
analysis on counties that had monitoring data
for three or more pollutants to concentrate on
values of the air index that were mostly based
on monitoring data. Of the 7,355,696 births
recorded in 1998 and 1999, 56% of the births
were to mothers living in an area with moni-
toring data for three or more monitors and are
included in this study (4,098,740 births in
264 counties). The study sample overrepre-
sented African-American, Asian, and Hispanic
mothers, but the maternal factors and birth
outcomes for the births in the counties with
three or more monitors were similar to those
from all counties (Table 1).
Analytical methods. We assumed a linear
form of the index and modeled the relation-
ship between the index and demographic vari-
ables using two straightforward approaches.
First, we examined the index as a continu-
ous variable. Adjusted means, derived from a
general linear regression model, were used to
look at the relationship between air quality and
SES (measured by educational attainment) and
race/ethnic group. In addition to race/ethnicity
and educational status, the regression models
also included other known risk factors and
potential confounders (maternal age, parity,
and marital status), as well as categorical vari-
ables describing the nine census divisions of the
country (Pickle et al. 1999), excluding Alaska
and Hawaii. The regional designations were
included to capture potential regional variation
in the composition of the index. Robust stan-
dard errors were calculated to take into account
the clustering within counties using Stata 6.0
(Stata Corporation 1999).
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est air quality. For this analysis, we divided the
women into two groups: those who lived in
counties above and those who lived in counties
below the county-speciﬁc 90th percentile value
of the index, calculated from the births in
counties linked to three or more monitors. It
seemed reasonable to classify the areas of poor-
est air quality as the top 10th percentile of the
index, although this choice is somewhat arbi-
trary, in that other percentiles around 10, such
as the 5th or 15th, could have been chosen.
We used a logistic regression model to model
the top decile of pollution as a function of edu-
cational attainment and race while adjusting
for other maternal risk factors that may con-
found the relationship (age, parity, and marital
status). Division of the country was considered
in these models but ultimately was not
included because the counties with high index
values are only contained in four divisions.
Finally, additional logistic regression
models were ﬁtted for each birth outcome as a
function of air quality, adjusting for educa-
tional attainment, race/ethnicity, age, parity,
marital status, and census division.
Results
The mean level of the air pollution index
among the births in our study sample was 2.14;
90% of the values were between 1.16 and 2.72.
About 10% of the births occur in the counties
in the highest decile of the air index.
The unadjusted mean level of the air
pollution index was lower for white mothers
(mean = 2.08) and American Indian/Alaska
Native mothers (mean = 2.03) than for
Hispanic (mean = 2.23), African-American
(mean = 2.17), and Asian/Pacific Islander
(mean = 2.16) mothers (Table 2). Race was
significantly associated with the mean air
index for Hispanic and African-American
mothers compared with white mothers after
adjusting for educational attainment, age,
parity, marital status, and region of the coun-
try (Table 2). The β-value for Asian/Pacific
Islander mothers was marginally statistically
signiﬁcant (the 95% lower conﬁdence bound
is 0) after adjusting for potential confounders.
There was no difference between the American
Indian/Alaska Native mothers and the white
mothers after adjustment for educational
attainment, region of the country, age, parity,
and marital status.
Looking at just the unadjusted mean values
of the index, mothers with lower educational
attainment lived in areas with a higher mean
level of the air pollution index than did moth-
ers with higher educational attainment (Table
2). However, results from the regression anal-
ysis found no association between education
levels and the air index after adjusting for
race/ethnicity, age, parity, marital status, and
region of the country (Table 2).
Hispanic mothers were the most likely
to live in areas with the highest decile of the
air index compared with white mothers
(Table 3), consistent with the ﬁndings for the
mean level of the index. Similarly, these dispar-
ities persisted after controlling for educational
attainment, region of the country, age, parity,
and marital status. The adjusted odds ratio
(AOR) comparing Hispanic with white moth-
ers living in an area with the highest decile of
the air pollution index was 4.66 (95% CI,
1.92–11.32). For African-American mothers,
the AOR was 2.58 (95% CI, 1.00–6.62), and
for Asian/Pacific Islander mothers the AOR
was 2.82 (95% CI, 1.07–7.39) (Table 3).
Mothers with lower educational attainment
were not more likely to live in counties with
especially poor air quality (Table 3). As found
for the mean level of the index, the relationship
between educational attainment and air pollu-
tion was diminished after controlling for mater-
nal race and region. The adjusted odds of living
in the highest decile of poor air quality was 0.95
(95% CI, 0.40–2.26) for women with fewer
than 12 years of education compared with
women with 16 or more years of education.
We also evaluated the relationship between
the race/ethnicity and education and the air
pollution index for all counties, regardless of
the number of monitored pollutants in each
county. We found similar results for all coun-
ties as for counties with monitoring data for
three or more pollutants by race/ethnicity, with
a signiﬁcant association between increased lev-
els of air pollution and Hispanic, Asian/Paciﬁc
Islander, and African-American race/ethnicity
(data not shown). American Indian/Alaska
Native was signiﬁcantly not associated with liv-
ing in an area of higher air pollution compared
with whites. Similar to the results by race/eth-
nicity for all counties, we found no relation-
ship between education and air quality when
looking at all counties (data not shown).
Increasing levels of air pollution were asso-
ciated with preterm delivery but were not asso-
ciated with SGA (Table 4). After adjustment
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Table 1. Percent distribution of maternal factors and infant birth outcomes 1998–1999 for birth outcomes in
all counties and in counties that have monitoring data for three or more pollutants.
Counties with monitoring data
Maternal factors and infant birth outcomes All countiesa for three or more pollutantsb
Maternal education (years)
< 12 21.9 23.1
12 32.4 30.5
13–15 22.1 21.6
≥ 16 23.6 24.8
Maternal race/ethnicity
American Indian/Alaska Native 0.9 0.5
Asian/Paciﬁc Islander 4.1 5.7
African American 15.0 17.9
Hispanic 18.8 25.3
White 61.2 50.6
Maternal age (years)
< 20 12.5 11.7
20–34 74.7 74.2
> 34 12.8 14.1
Percent married 67.2 65.2
Percent ﬁrst birth 40.9 41.1
Birth outcomes
SGA 8.9 9.0
Preterm delivery 9.8 9.9
an = 7,355,696. bn = 4,098,740.
Table 2. Mean air index value and regression coefﬁcients for counties that have monitoring data for three
or more pollutants.
Regression coefﬁcients (95% CIs)
Maternal education and race/ethnicity Mean air index value Unadjusted Adjusteda
Maternal education (years)
< 12 2.19 0.08 (0.01–0.15) 0.00 (–0.02–0.03)
12 2.14 0.03 (0.00–0.06) –0.02 (–0.04–0.00)
13–15 2.12 0.01 (–0.02–0.03) –0.02 (–0.04–0.00)
≥ 16 2.11 Reference Reference
Maternal race/ethnicity
Hispanic 2.23 0.15 (0.00–0.29) 0.12 (0.04–0.21)
African American 2.17 0.09 (0.05–0.14) 0.10 (0.07–0.14)
Asian/Paciﬁc Islander 2.16 0.08 (–0.03–0.19) 0.05 (0.00–0.10)
American Indian/Alaska Native 2.03 –0.06 (–0.21–0.10) –0.07 (–0.17–0.04)
White 2.08 Reference Reference
aAdjusted for region, age, parity, and marital status; mean by education also adjusted for race/ethnicity, and mean by
race/ethnicity also adjusted for education.for maternal race, educational status, other
maternal risk factors, and region of the country,
the odds of a preterm delivery for mothers liv-
ing in counties with the highest decile of air
pollution remained elevated compared with
those living in the remaining counties but was
reduced (AOR = 1.05; 95% CI, 0.99–1.12).
Similar results were seen for the continuous
model and preterm delivery (AOR = 1.04; 95%
CI, 1.00–1.08 per unit increase in the air pollu-
tion index; the interquartile range is about half
a unit of the index, so the resulting AOR would
be about half). There was no relationship
between SGA and the air pollution index after
adjusting for maternal race, educational status,
other maternal risk factors, and region of the
country (for continuous model, AOR = 0.99;
95% CI, 0.93–1.06).
The inclusion of the air pollution index in
the regression models did not attenuate well-
established relationships between maternal race
and birth outcomes. For example, the AORs
for SGA births for African-American mothers
compared with white mothers were 2.0, regard-
less of the level of the air pollution index.
Similarly, the ORs for preterm births for
African-American mothers compared with
white mothers were 1.9, regardless of the level
of the air pollution index. Consequently, we
cannot conclude that differential air pollution
exposure levels explain known disparities in
birth outcomes.
Discussion
We found that Hispanic, African-American,
and Asian/Paciﬁc Islander mothers were more
likely to live in areas with higher levels of air
pollution than were white mothers. This result
appears to be independent of the other risk fac-
tors (age, parity, educational attainment, and
marital status) considered in this analysis.
Adjusting for these factors did not substantially
change the observed relationship between
maternal race and air pollution. Decreasing lev-
els of the mother’s educational attainment were
not associated with increasing levels of air pollu-
tion, after adjusting for race/ethnicity, age, par-
ity, and marital status. This suggests that at least
for this measure of air pollution, the relation-
ship between race/ethnicity and residence in
areas with more air pollution is stronger than
the relationship between low SES and living in
areas with more air pollution.
Most studies evaluating the burden of pol-
lution among different racial and ethnic groups
have focused on living near different types of
emissions or industrial facilities. Fewer have
been published using more speciﬁc measures of
exposure such as the index reﬂecting ambient
concentrations of air pollutants used in this
analysis. Moreover, in this analysis we consid-
ered chronic exposure to several pollutants.
Using an index of air pollution represents the
net air pollution mixtures experienced by the
public. By relating the measured concentrations
to National Air Quality Standards, the index
attempts to account for the differing severity of
the individual pollutants. Unfortunately, moni-
toring is not conducted in all counties for all
the pollutants of interest, necessitating the
use of default values in a number of areas.
Furthermore, for two of the pollutants (ozone
and carbon monoxide) the individual pollutant
measure is based on a short-term standard,
which does not necessarily reﬂect the chronic
effects of exposure over the year. Finally, it is
unknown how long the mothers included in
this study lived in the county recorded for resi-
dence on the birth certiﬁcate, further limiting
our exposure measurements.
We found a moderate association between
exposure to air pollution and preterm delivery
but did not ﬁnd an association between SGA
infants and air pollution. Recent research has
suggested that air pollution is associated with
poor birth outcomes, at least for some mothers
(Ha et al. 2001; Maisonet et al. 2001; Ritz
and Yu 1999; Ritz et al. 2000; Rogers et al.
2000). The results in these other analyses have
produced some mixed results. It is possible
that confounding by race may be playing a
role because African-American mothers are
more likely to live in areas of poor air quality
and are more likely to have poor birth out-
comes. Alternatively, perhaps the results are
observed only at higher concentrations. On
the other hand, the index used in this analysis
may be masking a true relationship between
one or more of the individual pollutants, such
as particulate matter and carbon dioxide, and
poor birth outcomes. Preliminary analysis
looking at individual pollutants did not indi-
cate a relationship, but further analysis is
needed to investigate this more thoroughly.
In evaluating the relationship between air
pollution and birth outcomes, this analysis is
limited to evaluating information that is avail-
able on the birth certiﬁcates. Not included in
this analysis are confounders that may be
potentially important but cannot be ascertained
from the birth certiﬁcate. For example, mater-
nal smoking, a known risk factor for poor birth
outcomes, is not included in this analysis. Some
states report maternal smoking, but others do
not, so it is not included. Another factor in
evaluating the air pollution/birth outcome rela-
tionship is consideration of uncertainties in the
exposure variable. Although the air index is a
reasonable proxy for long-term air pollution, it
has some limitations as an exposure measure
and, as such has potential to bias our results
toward a null ﬁnding.
Although evidence of a relationship between
air pollution and adverse birth outcomes is
inconsistent, evidence demonstrating the inﬂu-
ence of air pollution on the health of the grow-
ing child is much stronger (Avol et al. 2001;
Dockery et al. 1989, 1996; McConnell et al.
1999; Norris et al. 1999, 2002; Raizenne et al.
1996; Schwartz et al. 1994). Certain groups of
children are already at risk for poor health.
Being born into and growing up in areas with
poor air quality may exacerbate or contribute to
their poorer health.
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Table 3. Odds of exposure to the highest decile of poor air by maternal education and race/ethnicity for
counties that have monitoring data for three or more pollutants.
ORs (95% CIs)
Maternal education and race/ethnicity Unadjusted Adjusteda
Maternal education (years)
< 12 2.13 (1.42–3.18) 0.95 (0.40–2.26)
12 1.22 (0.92–1.61) 0.93 (0.74–1.18)
13–15 1.10 (0.85–1.42) 0.96 (0.73–1.26)
≥ 16 Reference Reference
Maternal race/ethnicity
Hispanic 4.76 (2.06–11.03) 4.66 (1.92–11.32)
African American 2.59 (0.92–7.26) 2.58 (1.00–6.62)
Asian/Paciﬁc Islander 2.84 (1.06–7.60) 2.82 (1.07–7.39)
American Indian/Alaska Native 0.97 (0.44–2.09) 0.95 (0.40–2.26)
White Reference Reference
aAdjusted for age, parity, and marital status; OR by education also adjusted for race/ethnicity, and OR by race/ethnicity
also adjusted for education.
Table 4. Unadjusted and adjusted ORs for preterm delivery and SGA births by air pollution index for counties
that have monitoring data for three or more pollutants.
ORs (95% CIs)
Infant outcome and risk measures Unadjusted Adjusteda
Preterm delivery
Continuous index, per unit increase 1.11 (1.00–1.25) 1.04 (1.00–1.08)
Highest decile of index 0.99 (0.90–1.08) 1.05 (0.99–1.12)
SGA
Continuous index, per unit increase 1.10 (0.97–1.26) 0.99 (0.93–1.06)
Highest decile of index 0.92 (0.86–0.99) 0.96 (0.86–1.07)
aLogistic regression models included maternal education, maternal race/ethnicity, parity, age, marital status, and region
of the country.Children’s Health | Woodruff et al.
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